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I.  INTRODUCTION 

Development of a Zone 8 propelling charge for the Army 155-mm 
Howitzers (M198 and now M109A2/A3 as well) has been, over the past half- 
dozen years, plagued by a number of problems, both minor and serious. 
Excessive pressures and even breechblows have been associated with 
large-amplitude pressure waves resulting from improper ignition of the 
main propellant chargel.  (The presence of pressure waves in gun chambers 
is readily apparent upon examination of multi-station, pressure-time 
data or, perhaps more graphically, of the difference signal between two 
such pressure stations, as shown in Figure 1.)  During this same period 
of time, several theoretical and experimental investigations^-S have 
suggested that the use of 19-perforation propellant grains as a replace- 
ment for the standard 7-perforation configuration would result in a 
propelling charge more forgiving to less-than-optimum ignition conditions, 
thereby reducing the occurrence of high-amplitude pressure waves and 
associated problems.  Specific benefits indicated were:  (1) lower 
nominal pressure-wave levels; (2) less round-to-round variability in 
pressure waves; and (3) less sensitivity of the maximum chamber pressure 
to variability in pressure waves. All studies seem to be in accord in 
that the suggested mechanism responsible for these benefits involves 
the reduction in initial surface area and the increase in bed permeability 
to gas flow accompanying the necessarily larger 19-perforation grains. 
These factors both tend to mitigate the formation of locally high 
pressures in the chamber. 

I.W.  May,  E.V.   Clarke,  and H.  Hassmann,   "A Case History:    Gun Igmtion 
Related Problems and Solutions for the XM-198 Howitzer," USA ARRADCOM, 
USA Ballistic Research Laboratory Interim Memorandum Re-port ISO, 
Aberdeen Proving Ground,  MB,  October 1972  (No longer available). 

2 J,J.  Rocchio,  K.J.   White,  C.R.  Ruth,  and I.W.  May,   "Propellant Grain 
Tailoring to Reduce Pressure Wave Generation in Guns",  Proceedings 
of the  12th JANNAF Combustion Meeting,   CPIA Publication 273,  December 
1975. 

J.J.  Rocchio,  C.R.  Ruth,  and I.W.  May,   "Grain Geometry Effects on 
Wave Dynamics in Large Caliber Guns",  Proceedings of the 12th JANNAF 
Combustion Meeting,  CPIA Publication 281,  December 1976. 

A.W.   Horst,  T.C.   Smith,  and S.E.  Mitchell,   "Key Design Parameters in 
Controlling Gun-Environment Pressure Wave Phenomena-Theroy vs. 
Experiment",  Proceedings of the 12th JANNAF Combustion Meeting,   CPIA 
Publication 281,  December 1976. 

J.J.  Rocchio and C.R.  Ruth,   "An Investigation of the Interior 
Ballistic Performance of a 19-Perforation,  M20A1 Propellant Granulat- 
ion in the Zone 8 Charge of the 155-mm,  Ml 98 Howitzer.     USA ARRADCOM, 
USA Ballistic Research Laboratory Memorandum Report  (Report in 
preparation) Aberdeen Proving Ground,  MB. 
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An experimental investigation was thus undertaken to examine the 
potential benefits of a direct substitution of 19-perforation propellant 
for 7-perforation propellant in the M203E1 Propelling Charge.  [This 
configuration is essentially similar to that of the M203 Propelling 
Charge, shown in Figure 2.)     In particular, ballistic performance of 
the two charges at temperature extremes (-51"C and + 630C) and at 
maximum charge standoff from the spindle face (up to 150,mm with the 
M483A1 Projectile in the M199 Cannon) was investigated. These firing 
conditions had Been previously shown to be most conducive to the 
formation of pressure waves or to apparent coupling between pressure 
waves and increases in maximum chamber pressure. 

II.  TESTING 

M203E1 Propelling Charges, Lot IND-78-F-069805, and M483A1 Projectiles, 
Lots LSDZ 3989 and LSDZ 4183, were supplied for testing by the Office 
of the Project Manager, Cannon Artillery Weapons Systems (PM/CAWS).  A 
450-kg lot of 19-perforation propellant, M30A1, was produced at the 
Radford Army Ammunition Plant (See Appendix A).  Grain dimensions were 
selected based on the results of previous firings5. 

Test charges were fabricated by unloading standard M203E1 charges 
and reloading with 19-perforation propellant.  A brief probing series 
(Round Ident. No. 5-10) resulted in the selection of an 11.97-kg (26.4-lb) 
charge, compared to an 11.86-kg C26.15-lb) charge for the 7-perforation 
propellant.  In addition, a 210C (70oF) firing series was included in 
which half the standard 7-perforation charges were unloaded and then 
reloaded to determine whether or not non-standard production procedures 
at Aberdeen Proving Ground would introduce any performance variations. 
Critical measurements of selected charges before and after reloading 
are included as Appendix B. 

All firings were conducted at the Ballistic Research Laboratory 
Sandy Point Firing Facility in an M185 Cannon modified to provide 
critical cannon dimensions similiar to those of the M199 Cannon. 
Multiple-station pressure data, pressure-difference data, and 
projectile velocities were recorded digitally by the Ballistic Data 
Acquisition System (BALDAS) as well as on backup analog magnetic tape. 

III.  RESULTS AND DISCUSSION 

Firing data are tabulated in Appendix C, with computer-generated 
plots of selected data channels (spindle and forward pressures vs. time; 
pressure-difference vs. time) included as Appendix D. 

A.  Nominal Performance Characteristics 

Initial firings at the assessed charge weights were conducted at 
210C and with the nominal 25-mm standoff between the propelling charge 
and the spindle face.  As indicated by summary data provided in Table 

11 
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I, the 19-per£oration propellant charges performed similarly to the 
7-perforation propellant charges in terms o£ all measured parameters. 

TABLE I. SUMMARY OF 210C FIRING DATA* 

Parameter 7-Perf 19-Perf 

Muzzle Velocity 790 m/s (2.4)      793 m/s (0.9) 

Maximum Chamber Pressure     331 MPa (6.9)      328 MPa (2.7) 

Initial Reverse 6 MPa (8.0)       10 MPa (3.7) 
Pressure-Difference, (-AP.) 

Ignition Delay 67 ms (8.8)        59 ms (6.1) 

Values provided are 6-round averages; sample standard 
deviations shown in parentheses.  Firings conducted 
using inert, M483A1 Projectiles. 

In addition, there was no discernable degradation in the perfor- 
mance of the M203E1 Propelling Charges after reloading at Aberdeen 
Proving Ground (see Table II). 

TABLE II. COMPARISON OF FIRING DATA FOR M203E1 PROPELLING 
CHARGES FIRED AS RECEIVED AND AFTER RELOADING* 

Parameter As Received After Reloading 

Muzzle Velocity 790 m/s (3.1) 789 m/s (2.1) 

Maximum Chamber Pressure      333 MPa (8.5) 329 MPa (6.1) 

Initial Reverse Pressure- 
Difference (-AP.) 9 MPa (11-6) 3 MPa (2.5) 

Ignition Delay 70 ms (6.7) 63 ms (10.2) 

*Values provided are averages for two 3-round groups, 
which together comprise the 210C, 7-Perf. sample 
described in Table I. 

Of concern, however, was the fact that a reduction in the level of 
pressure waves did not accompany introduction of the larger 19-perforation 
propellant grains, as seen in previous investigations and as suggested 
by theoretical considerations mentioned earlier. An explanation for 

15 



fi 7 
this result may be provided by recent theoretical and experimental 
investigations of bagged-charge phenomenology, in which annular ullage 
external to the bag was shown to play a major role during the flamespread 
portion of the interior ballistic cycle, equilibrating longitudinal 
pressure gradients and perhaps significantly reducing the stagnation 
event at the projectile base. The importance of propellant bed permea- 
bility in terms of the formation of longitudinal pressure waves may 
thus be somewhat mitigated. Much of the previous data cited indicating 
substantial reductions in pressure waves was generated using full-bore 
propellant charges - a configuration which requires that any locally 
high pressures be equilibrated through the propellant bed itself and 
renders bed permeability a critical parameter. Other such data were for 
undersized bagged charges fired at zero standoff from the spindle face. 
Perhaps this condition as well reduces the effectiveness of annular 
ullage; however, these remarks are speculative at this time. 

It might be inferred from these data that for undersized, centercore- 
ignited configurations such as the M203E1, no real benefits are to be 
expected from use of a 19-perforation propellant granulation, at least 
not in terms of pressure waves.  We must remember, however, that history 
has provided us with an abundance of data attesting to the variability 
of bagged-charge performance, particularly with respect to pressure waves. 
All of the sources of this variability are not well known, but should 
this annular "pressure-relief" path be insufficient to compensate for 
faulty igniter performance or be lost prematurely because of an 
untimely bag rupture, propellant bed permeability to gas flow will 
again become critical.  A potential benefit may then be the increased 
"forgivability" of the larger 19-perforation propellant granulation 
to other propelling charge deficiencies, both known and unknown. An 
indication of this behavior may be found in the consistently smaller 
sample standard deviations in all performance parameters exhibited by 
the 19-perforation propellant charges.  Indeed, the increased -t?i 
level of Round Ident. No. 16 (see Appendix D) might just be the result 
of some latent flaw which manifests itself as stronger pressure waves 
in the standard M203E1 charge. 

B.  High-Temperature Firings 

A comparison of performances for 7- and 19-perforation propellants 
in the M203E1 bagged-charge geometry was also made at the high temperature 
firing limit O 630C).  These data were required in order to assess 
pressure-wave characteristics of hot charges and to obtain comparative 

6P.  S.  Gough,   "fheoTetioal Study of Two-Phase Flow Associated with 
Granular Bag Charges",   USA ARRADCOM,   USA Ballistic Research Laboratory 
Contract Report No.   00381,  September 1978, Aberdeen Proving Ground, MB, 
AD #A062144. 

T.C.  Minor, A.   W,   Horst,  and J.  R.   Kelso,   "Experimental Investigation 
of Ignition-Induced Flow Bynamics in Bagged-Charge Artillery", 
Proceedings of the iSth JANNAF Combustion Meeting,  Becember 1978. 

14 



temperature coefficient data. A considerable body of data for several 
types of propelling charges had shown pressure-wave levels to increase 
with temperature""9. 

Firings over the past year had also revealed that, at least for 
the M203E1 Propelling Charge, pressure waves increased significantly 
as charge standoff from the spindle face (depicted in Figure 3) was 
increased beyond a certain point.  This behavior may result from a less 
efficient coupling between the primer and the igniter centercore at large 
standoff distances, leading to more localized ignition at the base of 
the charge.  The maximum charge standoff with the M483A1 Projectile 
C150 mm) appeared to be the most aggravating test condition (in terms 
of pressure-waves), so all hot firings were conducted with this configu- 
ration.  The decision necessarily compromised the universality of 
temperature-coefficient data obtained, since the 210C firings were 
conducted with 25-mm charge standoff, and ballistic level had been 
previously shown to be affected by standoff.  Direct comparison between 
the 7- and 19-perforation propellant charges is still useful in 
developing relative temperature coefficients. 

Unfortunately, during the procedure to condition the 19-perforation 
propellant charges to + 63°C, a faulty thermocouple device led to a 
conditioning temperature of + 740C.  The charges were subsequently cooled 
after one unintentional firing at this temperature; however, the loss 
of residual solvents, particularly near the surface of the grains could 
have significantly affected propellant ignitability and burning rates. 
It should be noted, as well, that this four-day conditioning/re-condit- 
ioning procedure took place with the charges removed from their 
shipping cans, a limitation imposed by the size of the temperature 
box employed. Some melting of the wax in the wear-reducing liners was 
evident, but tear-down of one of the charges revealed no contamination 
of propellant or black powder. 

The data presented in Table III indeed suggest that the propellant 
was affected in some manner by the unplanned overheating.  The increase 
in pressure levels from those for the 210C firings is approximately 50 
percent greater for the 19-perforation propellant charges than for the 
standard M203E1 charges.  However, data generated previously at BRL using 
19-perforation propellant manufactured at RAAP using the same propellant 
dies and loaded into the XM123E2 Interim Charge (a precursor to the 

"Engineer Design Test for M188E1 Propelling Charge  (Zone 9)  for 8-Inch 
Howitzer, M201 Cannon with Muzzle Brake",  US Army Aberdeen Proving 
Ground Firing Record No.  P-82S99,  Aberdeen Proving Ground,  MD,   8 July 1977. 

9"Ballistic Evaluation of M30A1 Propellant for 153-rm, M203 Charge," 
US Army Aberdeen Proving Ground Firing Record No. P-82772, Aberdeen 
Proving Ground, MD,   27 March 1979. 
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M203) provided the same temperature coefficient as did unmodified 
XM123E2 Interim Charges fired under the same conditions^. 

TABLE III. SUMMARY OF 630C FIRING DATA* 

Parameter 7-Perf 19-Perf 

Muzzle Velocity 833 m/s [6.5)      823 m/s (1.8) 

Maximum Chamber Pressure 378 MPa (3.6)       402 MPa (2.5) 

Initial Reverse 
Pressure-Difference, (-AP.)        17 MPa (6.9)       10 MPa (2.3) 

Ignition Delay 68 ms  (5.8)       90 ms  (16.8) 

*Values provided are 6-round averages; sample standard 
deviations shown in parentheses.  Firings conducted 
using inert, M483A1 Projectiles. 

In terms of pressure-wave characteristics, the average -AP., is 
seen to be nearly halved with the introduction of the 19-perforation 
propellant, with an even greater reduction in the accompanying standard 
deviation.  Perhaps with the increased gas generation rates accompanying 
the higher temperatures, annular flow no longer is sufficient to dominate 
the process of pressure equilibration, and bed permeability is again of 
importance. 

C.  Low-Temperature Firings 

Firings were also conducted to compare performance of the 7- and 
19-perforation propellant charges at the low temperature extreme 
(-510C).  While pressure-wave levels are typically quite small at 
low temperatures, several breechblows have occurred with cold charges. 
In addition, sensitivity firings of intentionally faulted charges have 
shown a stronger feedback from pressure waves into the maximum chamber 
pressure to exist for cold than for ambient charges (see Figure 4). 
A mechanism involving grain fracture resulting from impact against 
the projectile base and perhaps even the spindle face has been suggested 
certainly a process expected to be more pronounced at cold temperatures^ 
Nevertheless, as seen in the summary data of Table IV, acceptable 
performance was exhibited by both configurations at -510C, though a 

10 

10 
A.   W.  Eorsty  I.   W.  May,  and E.   V.   Clarke,   "The Missing Link Between 
Pressure Waves and Breechblows",   USA ARRADCOM,  USA Ballistic Research 
Laboratory Memorandum Report No.   02849,  July 19783  Aberdeen Proving 
Ground,  MD.     AD#A058354 

P.   Benhaim,  J.   L.  Paulin,  and B.   Zeller,   "Investigation of Gun 
Propellants Breakup and Its Effects in Interior Ballistics", 
Proceedings of the Fourth International Symposium on Ballistics, 
17-19 October 1978. 
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Figure 4.  ISS-mm, M198 Pressure-Wave Sensitivity, Zone 8 

Parameter 

TABLE IV.  SUMMARY OF -510C FIRING DATA* 

7-Perf 

Muzzle Velocity 

Maximum Chamber Pressure 

Initial Reverse 
Pressure-Difference, (-AP^ 

Ignition Delay 

765 m/s (2.2) 

308 MPa C6.2) 

3 MPa (1.2) 

131 ms (5.8) 

19-Perf 

766 m/s (1.2) 

299 MPa (3.3) 

2 MPa (1.2) 

122 ms (12.7) 

*Values provided are 6-round averages; sample standard 
deviations shown in parentheses. Firings conducted 
using inert, M483A1 Projectiles. 
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stronger dependence of pressure on temperature again accompanied use of 
the 19-perforation propellant.  The dependence of maximum chamber 
pressure on conditioning temperature for propelling charges fired during 
this program is depicted in Figure 5.  Low-temperature data suggests 
that the excessive high-temperature sensitivity of the 19-perforation 
propellant changes may not be solely the result of overheating.  However, 
other contributors are unknown at this time. 

-o 450 
Q- 

IU 
^ 400 

oo 
UJ 
Qi 

Z 350 
UJ 

< 
^  300 

< 
UJ 

^ 250 

1 I      I      I 
O-O   7-PERF, LOT 77G-069805 
x-x 19-PERF, LOT   PE-480-43 

—   x— 

± 
-50 -25 0 25 50 

CONDITIONING   TEMPERATURE   (0C) 
75 

Figure 5. Dependence of Maximum Chamber Pressure on 
Conditioning Temperature for 7- and 19-Perforation Propellant Charges 
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IV.  CONCLUSIONS AND RECOMMENDATIONS 

Based on the experimental investigation described in this report, 

the following conclusions are drawn: 

1 M30A1 propellant can be manufactured in a 19-perforation 
granulation and loaded into an M203E1 Propelling Charge configuration 
to provide ballistically equivalent performance to that of the standard 
M203E1 Charge under nominal firing conditions (210C, 25-mm standottj. 
Velocity uniformity, ignition delays, and pressure-wave characteristics 

appear to be essentially unaffected. 

2 No differences in performance between the two charge configur- 
ations 'are revealed by -510C firings with maximum charge standoff as 

allowed by the M483A1 Projectile. 

3 No increase in pressure-wave levels accompanying high temperature 
firings with maximum charge standoff was observed for the 19-perfor- 
ation propellant. This is in contrast to a doubling of the mean 
initial reverse-pressure difference for the standard M203E1 Charge 
when going from 210C (25-mm standoff) to 630C (vLSO-mm standoff). 

4 An extremely high temperature coefficient was observed for the 
19-perforation propellant charges fired in this program. This result 
is not consistent with previous data and may not be representative 
because of the accidental overheating of the 19-perforation propellant 

shortly before firing. 

5. A reduction in the variability of pressure waves and, indeed, 
of accompanying velocity and maximum chamber levels appears to be 
associated with use of the 19-perforation propellant. This result is, 
of course, somewhat conjectural because of sample sizes. 

The above conclusions may be revealing in terms of developing a 
comprehensive understanding of bagged-charge phenomenology.  Certainly 
the question concerning the temperature coefficient needs to be resolved. 
Of potentially more use to the charge designer is the added insight 
provided by these results regarding the relative importance of propellant 
geometry versus charge geometry.  The direct substitution of the 19- 
perforation propellant geometry in the M203E1 or similar propelling 
charge should reduce the sensitivity of the charge to manufacturing, 
loading, and firing perturbations.  As such, pursuit of a 19-perforation 
propellant M203E1 is recommended if a product improvement is required 
within a relatively short term.  It must be emphasized that really 
significant advances, however, may require modification to both propel- 
lant and charge geometries, involving possibly substantial changes to 

igniter and packaging elements. 
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DIMENSIONS OF PROPELLING CHARGES 
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DIMENSIONS OF  7-PERF.   CHARGES 

Before Unloading After Rel( jading 

Ident. Length Diam. Length Diam. 
No. (cm) (cm) (cm) (cm) 

15 72.4 15.2 74.2 15.2 
18 72.1 15.2 74.4 14.7 
20 73.4 15.0 74.9 15.0 
55 72.4 15.2 74.9 15.0 
56 71.9 15.2 73.4 14.7 
57 72.4 15.0 74.2 15.0 
Average: 72.4 15.1 74.3 14.9 
Std. Dev: (0.52) (0.10) (0.56) (0.20) 

DIMENSIONS OF CHARGES AS FIRED 

7-Per£. 19-Perf. 

Ident. Length Diam. Ident. Length Diam. 
No. (cm) (cm) No. (cm) (cm) 

6 72.4 15.2 8 73.0 15.7 

7 72.4 15.2 9 72.6 15.9 

11 72.4 15.2 10 73.0 15.8 
15 72.4 15.2 22 75.4 15.2 
15 74.2 15.2 23 75.7 15.2 

16 72.4 15.2 24 75.9 15.2 
18 74.4 14.7 25 75.4 15.2 

19 72.4 15.2 26 75.7 15.2 

20 74.9 15.0 27 76.0 15.4 
30 72.4 15.2 38 75.7 15.2 

31 72.4 15.2 40 75.2 15.2 

32 72.4 15.2 41 75.4 15.2 

33 72.4 15.2 42 75.4 15.2 

34 72.4 15.2 43 76.2 15.6 

35 72.4 15.2 44 75.4 15.2 

36 72.4 15.2 45 76.0 15.5 
51 72.4 15.2 46 75.7 15.2 

52 72.4 15.2 47 76.0 15.2 

53 72.4 15.2 59 75.2 15.2 
54 72.4 15.2 60 75.7 15.2 
55 74.9 15.0 61 74.7 15.2 
56 73.4 14.7 62 75.7 15.2 

57 74.2 15.0 63 75.4 15.2 
64 75.2 15.2 
65 75.4 15.2 
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APPENDIX D 

PLOTS OF PRESSURES CSPINDLE AND FORWARD) 
AND PRESSURE-DIFFERENCES VERSUS TIME 
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